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pregnancy is low risk and proceeds well, primary-care midwives are responsible for full obstetric care and the delivery. Women with pregnancies considered high obstetric risks are hospitalized antenatally (17.7%) or in labor (20.1%)3 for clinical surveillance and delivery by obstetricians. The effectiveness of stratified care depends on well-trained midwives and unequivocal criteria to identify high-risk pregnancies. The official Index of Medical and Obstetric Risks"z5 defines which conditions are considered high risk.
The invariable hospitalization of high-risk women has been criticized. Frequently, clinical surveillance and care in high-risk women are limited. Domiciliary antenatal fetal monitoring, particularly in a medium-care subgroup, has been shown to be a feasible alternative to in-hospital monitoring. 6,7 Potential benefits of domiciliary monitoring include avoided hospitalization and dissatisfaction with inpatient stay, reduced maternal stress, and no disrupted family life.8,9 Alongside a randomized controlled trial, we investigated the clinical safety and cost-effectiveness of a domiciliary antenatal fetal-monitoring program compared to conventional in-hospital monitoring in selected high-risk pregnancies. If domiciliary monitoring proved safe and efficient compared to in-hospital monitoring, opportunities would emerge to tailor the use of high-cost clinical obstetric care.
Materials and Methods
The study population included women referred to the antenatal clinic who lived near the hospital and had one (or more) of 15 predefined high-risk conditions listed in the Index of Medical and Obstetric Risks. Subjects were excluded if they did not have suitable housing or did not give informed consent.
Women were assigned randomly 1:l to domiciliary or in-hospital monitoring (unstressed antenatal fetal heart rate and uterine activity monitoring [cardiotocography] and obstetric surveillance). Randomization was executed by a software supported block-randomization scheme stratified for gestational age (under 37, 37-42, and 42 or more weeks) with random permuted blocks within strata. The trial was approved by the hospital's Medical Ethics Committee.
Women allocated to in-hospital monitoring were hospitalized and monitored daily. If necessary, they received additional diagnostics or treatment. Women allocated to domiciliary monitoring went home with a checklist of conditions that required immediate hospitalization. A midwife visited each woman daily for antenatal monitoring (portable cardiotocography;
Oxford Sonicaid System 8000, Oxford Instruments Inc., Gorinchem, The Netherlands) and transmitted the tracings by public telephone network to the hospital. Domiciliary monitored women were seen weekly at the antenatal clinic.
An obstetrician responsible for the treatment of the domiciliary-monitored women assessed the monitoring tracings. Women no longer at high risk were discharged from the hospital or from domiciliary monitoring. All high-risk women should deliver in the hospital. If the discharge of either mother or neonate was delayed, then both were hospitalized.
Cost-effectiveness analysis was used as the primary evaluation framework. lo Economic outcome was defined initially as the cost difference between the strategies per averted non-optimal neonate. Primary neonatal outcomes were Prechtl neurologic optimal@ scoreri (a proxy for the neonate's future health state)12,'3 and the proportion of non-optimal neonates (Prechtl score no more than 57). Secondary outcomes were gestational age at delivery, birth weight, Apgar scores at 1 and 5 minutes, and the proportion of reanimated or artificially ventilated neonates.
A two-point difference in mean Prechtl scores was considered clinically relevant.i2 To test (two-tailed (Y = .05,1-p = .80) a two-point difference in mean (standard deviation [SD] 4.3) Prechtl scores, 150 women were needed. If the neonatal outcomes were equal, then clinical safety was established and economic outcome equalled the cost difference between the strategies (costminimization analysis)." Cost differences could occur antenatally, during delivery, and postpartum. Costshifting was defined as when an antenatal cost advantage was offset by a cost disadvantage at a later stage. Antenatal costs were calculated as actual resource use multiplied by the costs per resource unit using 1993 prices. The costs per resource unit of hospital-based care and domiciliary monitoring included fixed and indirect costs. The costs of in-hospital nursing care were not corrected for variations in nursing intensity. Other volumes were valued using data from the trial or Dutch reference data.14 Costs were converted into U.S. dollars (1993 purchasing power parity: DFL 1.00 = US $0.47).15
All outcomes were analyzed according to intention to treat. The neonatal outcomes were compared to establish safety. Conditional on that outcome, we verified the absence of cost-shifting. Next, we reported the resource use of each strategy and the cost difference between the strategies. Uncertainty of results was explored by sensitivity analyses.
Proportions and categoric data were compared with 2 and Yates correction. Length of stay and cost data were compared with the Mann-Whitney U test. P < .05 (two-tailed) was considered significant.
Red ts
From September 1992 to June 1994, 174 consecutive high-risk women met the inclusion criteria. Twentyfour women were excluded, including one woman who was excluded retroactively because of proven harddrug use. Eligible women were allocated to domiciliary monitoring (n = 76) or in-hospital monitoring (n = 74). There were no significant differences between the two groups (Table 1) . Neonatal mortality and the primary and secondary outcomes were equal between the groups (Table 2) . Consequently, domiciliary monitoring was regarded as a safe substitute for in-hospital monitoring. Equal outcomes allowed for a cost-minimization framework.
To investigate potential cost-shifting, we checked the length of antenatal and postpartum stay and the mode of delivery (Table 3 ). All women but one delivered in the hospital. The proportion of induced deliveries and the mode of delivery were not significantly different. In the in-hospital monitoring group, significantly more women were hospitalized after the delivery (Table 3) . The length of the maternal and neonatal postpartum stay did not differ significantly. In the domiciliary monitoring group, neonates were hospitalized at the maternity ward for a significantly shorter time. This cost advantage was offset by a cost disadvantage at the pediatric and neonatal wards. The mean (SD) postpartum costs were $3433 ($4273) for the in-hospital group and $3480 ($5895) for the domiciliary group. The postpartum costs did not differ significantly (P = .155). Hence, cost-shifting did not occur.
The median length of the antenatal period was equal between the groups. The length of the antenatal period did not differ significantly (Table 3 ). The in-hospital monitoring group spent on average 9.3 days in the hospital and 2.9 days at home. Women in the domicil- 18 (2) 2 (0) 17 (O) 20 (2) 19 (10) 17 (2) 3 (0) 7 (0) 4 (0) 7(l) 3 (0) 2 (0) l The age of one woman in no consent group was unknown. ' The number of women with a second high-risk indication is given parenthetically.
* Non-progressive cervical dilation (n = l), premafure rupture of membranes (n = Z), twin gestation (n = 3), or previous intrauterine fetal death (n = 1).
iary monitoring group spent on average I.9 days in the hospital and 9.3 days at home. The length of antenatal stay in the hospital and at home differed significantly between the groups (Table 3) . Four women in the Data are presented as median (inter-quartile range) days or n. * The number of days between the first monitoring session and the onset of the delivery.
+ Not discharged within 24 hours postpartum. * Proportion based on 74 women, including one woman who unexpectedly delivered at home.
in-hospital monitoring group delivered before initial hospitalization. Fourteen women no longer at high risk were discharged antenatally and re-hospitalized at the onset of the delivery. In the domiciliary monitoring group, three women delivered before the initial monitoring session, and 49 women were hospitalized at the onset of the delivery. The remaining 24 women were hospitalized antenatally (16 for suspect cardiotocography recordings, one for raised tension, one for an abnormal laboratory test, one for suspected infection, and five for other reasons), of whom seven were also discharged antenatally. The location of antenatal stay determined antenatal resource use and costs (Table 4 ). In the in-hospital monitoring group, costs were $14,280 or less. Of the total costs, 94% were covered by in-hospital nursing care (84%) and informal family care (10%). In the domiciliary monitoring group, costs were $9266 or less. Of the total costs, 83% were covered by nursing care (40%), domiciliary monitoring (28%), and informal family care (15%). The mean (SD) total costs, $3558 ($2841) in the in-hospital monitoring group and $1521 ($1459) in the domiciliary monitoring group, resulted in a $2037 cost difference. The total costs differed significantly between the groups (P < .OOl).
If all women allocated to in-hospital monitoring were to stay in the hospital, and if all domiciliary monitored women were to stay at home until the onset of the delivery, then the cost difference would amount to $3378 per woman. In routine obstetric care, women no longer at high risk are discharged, and women may be hospitalized for clinical or social reasons. This reduces the cost difference from $3378 to $1787 per woman in our study (adjusted for a minor imbalance in the number of days in antenatal observation). Sensitivity analyses showed that the $1787 cost difference was particularly sensitive for changes that affected the costs of hospital-based nursing care and the costs of domiciliary monitoring sessions. For example, a 50% reduction in the costs of hospital nursing care reduced the cost difference by 62%. A 50% reduction in the costs of domiciliary monitoring sessions increased the cost difference by 13%. If the annual high-risk incidence of 94.4 women could be sustained in routine obstetric care, the costs would be reduced by approximately $168,700 (94.4 X $1787) annually.
Discussion
Domiciliary monitoring by portable cardiotocography and trained midwives proved clinically safe and feasible, irrespective of maternal ethnicity, educational level, or family support. The antenatal costs were substantially reduced, mainly through avoided hospitalization, without evidence of cost-shifting. Hence, domiciliary monitoring may release hospital resources to be reallocated more efficiently to the benefit of other patients.
Volunteer bias is unlikely to have influenced our results. Withdrawal after randomization and losses to follow-up did not occur. Prechtl neurologic examination was unblinded, but an interobserver study did not reveal significant differences. We found no evidence that the domiciliary monitoring group was more compliant or healthy than the in-hospital monitoring group. Hence, significantly different neonatal outcomes seem unlikely. The mode of delivery was equal, suggesting that maternal short-term quality of life would not differ. Hospital admission and discharge were under human control. Although the incentive to discharge was similar in both groups and patients were not labeled, the length of hospitalization, and thereby the cost difference, may be biased.
External validity depends on the transferability of domiciliary monitoring to other settings. Applying these results in Dutch obstetric care to other settings will depend mainly on the high-risk indications, professional acceptance, and women's access to the hospital. In the United States16 and France,17 domiciliary monitoring is used mainly to monitor uterine activity as a preventive measure to reduce the incidence of preterm labor and birth. The high-risk indications agree partially with ours.** The high-risk indications we used correspond more closely to those applied in the United Kingdom.7 Our high-risk indications may be refined and even extended. Risks that do not justify in-hospital monitoring should not be included.
Dutch obstetricians hold a "naturalistic" view on the nature of pregnancy and labor.'Z'9 Professionals who do not share this view may hesitate to accept domiciliary monitoring in principle or because of legal or financial motives." Moreover, as bed occupancy rates and inpatient days are common budget variables, professionals may perceive the budget consequences as undesirable. Furthermore, the obstetric case mix may shift toward more severe patients.
After domiciliary monitoring is implemented in routine care, hospital care must remain accessible and available when fetal or maternal health, the delivery, or Moreover, some women might prefer hospitalization because of its perceived safety and convenience. A partial budget reallocation may be combined with financial or other incentives for patients and providers to promote efficient behavior. Domiciliary monitoring offers a clinically sound alternative for the currently proposed reimbursement limits on the inpatient stay of obstetric patients.21f122
